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© Ion-conductive polymer electrolyte. 



© An ion-conductive polymer electrolyte comprises an organic polymer and a soluble electrolyt salt. The 
organic polymer is obtained by crosslinking a compound having an average molecular weight of 1 ,000 to 20,000 
and having a structure of the following formula 0; 



J-frCIU-CH . 



0-(CH» -CH»-0H-R 



CO 
00 

<M 

o> 

CO 



in which Z is a residue of a compound having at least one active hydrogen, Y is a hydrogen atom or 
polymerizabte functional group, m is an integer of 1 to 250, n is 0 or an integer of 1 to 25. k is an integer of 
1 to 12, R is an alkyl, alkenyl, aryl or alkylaryl group having 1 to 20 carbon atoms. While the compound 
represented by the formula © in which Y is a hydrogen atom may be crosslinked with a crosslinking agent 
such as an isocyanate compound, the compound having a structure of the formula 0 in which Y is a 
polymerizable functional group may be crosslinked by itsetf. 
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ION-CONDUCTIVE POLYMER ELECTROLYTE 
Background of the Invention 

This invention relates to an ion-conductive polymer electrolyte. . 

5 As an ion-conductive polymer electrolyte, there has been known following compounds. For example, an 
organic polymer electrolyte of polyethylene oxide type; an organic polymer electrolyte having a multifunc- 
tional polyether molecular structure prepared by a randam copolymerization of ethylene ox.de portion and 
propylene oxide portion (Japanese Patent Publication No-249.361 of 1987): an ion-conductive polymer 
electrolyte comprising a branched polyethylene oxide prepared by adding ethylene ox.de as the i s.de chain 

,o to a main chain of polyethylene oxide (Japanese Patent Publication No.136.408 of 1988); a solid polymer 
electrolyte comprising an ethylene oxide copolymer containing anionic compound in dissolved state 
(Japanese Laid-Open Patent Publication No.83.249 of 1986); and an ion-conductive polymer electrolyt in 
which a high polymer solid substance having plasticity is further constituted substantially wrth a branched, 
chain of a homopolymer or copolymer which is thermoplastic and has no cross linkage (Japanese Lad-,- 

is Open Patent Publication No.98.480 of 1980). ' K . - 

However, those conventional' ion-conductive polymer electrolytes have the following problems. 
First, the organic polymer electroiyte of polyethylene oxide type shows a relatively good Wwmrm 
conductivity in the temperature range not lower than 40* C. but the characteristic is lowerec I rapidly j* the 
room temperature range of about 25 *C. Accordingly, it is very difficult that the electrolyte .s used for 

20 various applications such as battery, electrochromic and the like. „ jnoe , , , nH 

The organic polymer electrolytes described in Japanese Patent Publicat.on No.249.361 of 1987 and 
Japanese Patent Publication No.136. 408 of 1988 do not show rapid lowering of the lith.um-.on conduct.v.^ 
at the room temperature range of about 25 *C but the lowering proceeds at a temperature of not higher 
than 0 ' C which is considered as a practical temperature range. Therefore, a practical .on-conduct.v.ty can 

25 not obtained. eIectroIyt9 described in JapaneS9 La id-Open Patent Publication No.83.249 of 1986 

is an organic polymer prepared by a randam-copolymerization of ethylene oxide with the other monomer. 
The structure of the organic polymer resultantly becomes amorphous as a result by^ the random- 
copolymerization. but the amorphous structure is not sufficient by the difference of reactmty between each 
30 monomers so that the product quality tends to be unstable. B ..kii M «nn 
Further, since the organic polymer electrolyte described in Japanese Laid-Open Patent P"W'«*°" 
No.98.480 of 1980 is thermoplastic, a film formed with it is limited only to be simple and a good adhes.on 
between the film and the electrode can not be obtained. _ . \ 

The object of the present invention is to solve such problems as descnbed above and to proy.de an 
as ion-conductive polymer electrolyte which shows an excellent ion conductivity and can be eas.ly handled. . 

Summary of the Invention 



40 



The ion-conductive polymer electrolyte according to the invention comprises an °W" ic %\™'™*l 
soluble electrolyte salt The organic polymer is obtained by crosslinking a compound havmg an average 
molecular weight of 1 .000 to 20.000 and having a structure of the following formula ©: 



45 



:jjChVCH ■ 
]} ChV 



0-(CHi -ChVOhrR 



50 



in which Z is a residue of a compound having at least one active hydrogen (here.natter referred c i as 
"active hydrogen compound"). Y is a hydrogen atom or polymerizable functional group, m is an integer ot i 
to 250 n is 0 or an integer of 1 to 25. k is an integer of 1 to 12. R is an alky!, alkenyl. aryl or alkylaryl group 

having 1 to 20 carbon atoms. ' , . ._ . „. „,_„ h « 

White th compound having a structure of the formula © in which Y .s a hydrogen atom may be 
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crosslinked uith a crosslinking agent such as an isocyanate compound, the compound having a structure of 
the formula © in which Y is a polymerizable functional group may be crosslinked by itself. 



5 Detailed Description of the Invention 

Thus, the ion-conductive polymer electrolyte according to the invention is characterized in comprising 
an organic polymer prepared by crosslinking the specific compound having a structure of the formula © 
io and a soluble electrolyte salt. 

The compound having a structure of the formula 0 wherein Y is a hydrogen atom can be obtained by 
reacting an active hydrogen compound with glycidyl ethers in the presence of a catalyst so that the 
molecular weight of the reaction product becomes 1,000 to 20.000, that is, m in the formula© becomes 1 
to 250. 

is As the active hydrogen compounds, there are exemplified the following compounds; such as polyhydric 
alcohols, e.g., ethylene glycol, propylene glycol, 1,4-butanedioI. glycerol, trimethylolpropane, pentaerythritol, 
sorbitol, sucrose, polyglycerol and the like; amine compounds, e.g., butylamine, 2-ethylhexylamine, 
.ethylenediamine, hexamethylenediarnine, diethylenetriamine, triethylenetetramine. tetraethylenepentamine, 
pentaethylenehexamine. aniline, benzylamine. phenylenediamine and the like; phenolic active hydrogen 

20 compounds, e.g., Bisphenol A, hydroquinone, novolac and the like; copounds having different active 
hydrogen-containing groups in the molecule, e.g., monoethanotamine, diethanolamine and the like. Among 
them, polyhydric alcohols are particularly preferred. ' . 

Next, as the glycidyl ethers to be reacted with the active hydrogen compounds, there are exemplified 
the following compounds; such as methyl glycidyl ether, ethyl glycidyl ether or alkyl-, alkenyl-, aryl- or 

25 atkylaryl-polyethylene glycol glycidyl ethers represented by the following formula; 

CHz— CH-CH 2 -0-(CHt-CH z -0)„-R 
\ / 
0 

30 

. wherein R is a straight-chain alkyl such as methyl, ethyl, butyl and the like; branched alkyl such as 
Isopropyl. sec-butyl, tert-butyl and the like; alkenyl such as vinyl, allyl, 1-propenyl, 1 ,3-butadienyl and the 
' like; aryl or alkylaryl such as phenyl, nonylphenyl, tolyl, benzyl and the like and n is an integer of 1 to 25. In 
35 the above formula, n is preferably an integer of 1 to 15 and the carbon number of R is preferably 1 to 12. 
^ The glycidyl ethers may be copolymerized with alkylene oxides such as ethylene oxide, propylene 
. oxide and the like within the range in which the characteristics of the organic poiymer are not changed. 

Generally, the following catalysts may be used in the reaction of active hydrogen compounds with 
glycidyl ethers. There are included basic catalysts such as sodium methylate. sodium hydroxide, potassium 
40 hydroxide, lithium carbonate and the like; acidic catalysts such as boron trifluoride and the like; amine 
catalysts such as trimethylamine. triethylamine and the like. 

Furthermore, the compound having a, structure of the formula © wherein Y is a polymerizable 
functional group may be obtained by a method in which an active hydrogen compound is reacted with 
glycidyl ethers to obtain a polyether compound as described above and then, if necessary, a polymerizable 
4 5 functional group is introduced to the end of the main chain of the polyether compound. 

Among the polymerizable functional groups, there are included an alkenyl such as vinyl and the like; an 
group having an unsaturated bond such as acryloyl, methacryloyl and the like; an group having straight 
chain and cyclic portion containing Si and the like. These groups are introduced into the tnolecule by 
reacting the above polyether compound with a compound having the polymerizable functional group. 
50 As .the compound having the polymerizable functional group, there are exemplified the following 
compounds; such as compounds having at least one carboxyl group and at least one unsaturated, bond in 
the molecule, e.g., acrylic acid, methacrylic acid, cinnamic acid, maleic acid, fumaric acid, itaconic acid, p- 
vinyl benzoic acid and the like; and/or anhydrides of th above compounds, e.g., maleic anhydride, itaconic 
anhydride and the like; and/or acid chlorides of the above compounds; glycidyls, e.g., allyl glycidyl ether, 
55 glycidyl methacrylate and the like; isocyanates. e.g.. methacryloyl isocyanate and the like; the compounds, 
containing Si, .g, dichlorosilane. dimethyl vinylchlorosilane and the like. These compounds having the 
polymerizable functional group may b used solely or in combination to produce the polymerizable 
compound having a structure of the formula ©. 
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The compounds having a structure of the formula © thus prepared may be used solely or in 
combination. However, it is important that the compound having an average molecular weight of 1.000 lo 
20.000 is used in any event. When the average molecular weight is less than 1.000. the film-formability of 
the product becomes poor, and when the average molecular weight is more than 20.000. the physical 
5 property of the film becomes bad. 

In the organic compounds having a structure of the formula ®, k corresponds to the number of active 
hydrogen groups in the active hydrogen compound used as the starting material and is an integer of 1 to 

12. ' 

The crosslinking reaction of the compound having a structure of the formula © wherein Y is a 

70 hydrogen atom may be carried out by using as a crosslinking agent at least one polyisocyanate compound 
such as 2,4-toIyIene diisocyanate (2.4-TDI). 2,6-tolylepe diisocyanate (2.6-TDI). 4,4 -diphenylmethane 
diisocyanate (MDI), hexamethylene diisocyanate (HMDI), isophorone diisocyanate. triphenylmethane 
triisocyanate. trisfisocyanatephenyl) thiophosphate. lysine ester triisocyanate. 1.8-diisocyanate-4- 
isocyanatemethyloctane. 1.6,11-undecane triisocyanate, 1,3.6-hexamethylene triisocyanate, bicycloheptane 

is triisocyanate. biuret-bonded HMDI, isocyanurate-bonded HMDI, an adduct of trimethylolpropane with 3 
moles of TDI and the like. 

The used amount of the crosslinking agent is preferably selected so that the number of isocyanate 
group in the crosslinking agent becomes 1 to 1.5 times of the number of hydroxy! group in the compound 
having a structrue of the formula ®. 

20 Further, to complete rapidly the crosslinking reaction, it is preferred to use a catalyst. Among the 
catalysts, there are included such as organic metal catalysts, e.g.-, dibutyltin dilaurate (DBTDL). dibutyltin 
diacetate (DBTA), salt of phenyl mercury propionic acid. lead octenate and the like: amine catalysts, .g.. 
triethylenediarnine, N.N -dimethylpiperazine, N-methylmorpholine, tetramethyl guanidine, triethylamine and 
the like. 

25 Next, the crosslinking reaction of the compound having a structure of the formula © wherein Y is a 
polymerizable functional group may be different depending on the nature of the structure and the type of 
the polymerizable functional group. However, the reaction may be carried out with the use of available 
means for film-forming such as heat, light and electronic ray. if necessary, a polymerization initiator and/or a 
sensitizer may be added in the reaction system. 
30 As the soluble electrolyte salt doped into the organic polyer after the crosslinking reaction, there are 
exemplified the following compounds; such as inorganic-ion salts containing at least one metal element 
selected from the group consisting of Li. Na, K, Cs, Ag, Cu and Mg, e.g.. Lil. LiCI, LiCIO*. LiSCN. L1BF4, 
LiAsF*. UCF 3 S0 3 . LiC 6 Fi 3 $0 3 . UCF 3 C0 2 . UHgl 3 . Nal, NaSCN, NaBr, Kl, CsSCN, AgN0 3 . CuCi 2 Mg(CICU)- 
2 and the like; organic-ion salts, e.g., lithium stearyl-sulfate, sodium octylsulfate, lithium dodecylbenzenesul- 
35 fate, sodium naphthalenesulfate, lithium dibutylnaphthalenesulfate. potassium octylnaphthalenesulfate, po- 
tassium dodecylnaphthalenesulfate and the like. 

The added mol ratio of the soluble electrolyte salt to the number of oxyethylene unit (hereinafter 
referred to as "EO w ) comprised in the above organic polymer is preferably 0.0001 - 5.0 (mol/EO). Whet 
the. soluble electrolyte salt is added in too high ratio, excess of the soluble electrolyte salt such as 
40 inorganic-ion salt does not dissociate but merely is present as a mixture and resultantly the ionic 
conductivity is adversely lowered. 

The soluble electrolyte salts may be used solely or in combination. The method for doping is also not 
restricted but it is generally convenient that the salts are dissolved in an organic solvent such as methyl 
ethyl ketone (MEK), tetrahydrofuran (THF) and the like and mixed with the organic polymers uniformly and 
45 then the organic solvent is removed under reduced pressure. 

According to the invention, as a glycidyl ether is used in the constitution of the main chain of the 
organic polymer, the structure of the organic polymer is made to be amorphous completely and the 
crystallization temperature is lowered by the presence of the side chain similar to the main-chain. When a 
lithium salt is used as the soluble electrolyte salt, the movement of the lithium cation is made easy and 
50 lithium-ion conductivity in a temperature range not higher than room temperature is remarkably improved. 

When an active hydrogen compound is crosslinked with a crosslinking agent such as polyisocyanate 
and the like, a film superior in both of curability and adhesion to the electrode can be obtain d and thus an 
ion-conductive polymer electrolyte excellent in practical utility can be provided. On the other hand, when a 
compound having a polymerizable functional group in the molecular is used, no crosslinking agent is 
55 required to carry out the crosslinking reaction. Accordingly it is safe and it can shorten the crosslinking 
time. 

Furthermore, according to the invention, the organic polymer can be made more amorphous to give 
various forms of the product and accordingly it is very useful. 
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Brief Description of the Drawing 



the sirtgle figur of the drawing is a graph illustrating the relationshop between the temperature and the 
5 ion conductivity f the ion-conductive polymer electolytes obtained in the after-mentioned Example 1, 
Example 2 and Comparative Example 1. 

u Preferred Embodiments of the Invention 

■ 10 

The following examples serve to illustrate the invention in more detail although the invention is not 
limited to the examples. Unless otherwise indicated, % signifies % by weight. 

15 

Example 1 

. . 1 mol of glycerol (92 g) was reacted with 22 mol of methyldiethylene glycol glycidyl ether (3.874 g) 
represented by the following formula 
20 . . 

CHx— CH-CHz-O* (CHz-CHz-O) 2-CH3 
\ / 
0 

25 

in the presence of 0.15 mol of potassium hydroxide (8.4 g) for 6 hours at 120 "C with a consecutive- 
introducing method and the reaction was further continued at the same temperature for 2 hours. Then the 
product was purified to obtain 3,570 g of an organic comound having an average molecular weight of 4,900 
(calculated by hydroxide value) and a structure of the formula© in which 

30 

Z : gH 2 0- 
CHO- 

35 - 

R : -CH 3 
n : 2 
m :22. 

40 ' 3.6 g of thus obtained organic compound, 0.12 g of LiCIO*. the 1.5 equivalent weight of tolylene 
diisocyanate to the above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of 
methyl ethyl ketone and then the mixture was poured into a fiat vessel and allowed to stand for 30 minutes 
at 60* C under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 
hours at 80* C in vacuum degree of below 1 x 10 ~ 3 Torr to remove methyl ethyl ketone, resultantly an ion- 

45 conductive polymer electrolyte having a thickness of 50 urn was obtained. 



Example 2 

so An ion-conductive polymer electrolyte was obtained in the same manner as in Example 1 except that 
the usage amount of UCIO4 was changed to 0.06 g. 



Example 3 

55 

30 g of ethylene glycol was reacted with 1,910 g of n-butyl-triethylene glycol glycidyl ether represented 
by the following formula 
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CH,— CH-CHj-O- (ChVChVO) ,-C«H, 



5 



in the presence of 6.8 g of potassium hydroxide for 6 hours at 120* C with a consecutive-Introducing 
method and further the reaction was continued at the same temperature for 2 hours. The produce was 
purified to obtain 2.094 g of an organic compound having an average molecular weight of 3.950 and a 
structure of the formula© in which 



10 



15 



20 



25 



30 



<;h*o- 
ciuo- 



R:-C*H 9 , 
n : 3 

m : 36 g of thus obtained organic compound. 0.12 g of LiCIOt. the 0.7 equivalent weight of biuret-bondi 
HMDI to the above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of methyl 
ethyl ketone and then the mixture was poured into a flat vessel and allowed to stand for 30 minutes at 60 C 
under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 hours at 
80* C in vacuum degree of below 1 x 10 -» Torr to remove methyl ethyl ketone, resultantly an ..on- 
conductive polymer electrolyte having a thickness of 50 urn was obtained. 

Example 4 , 

20 g of ethylenediamine was reacted with 2.650 g of phenylhexaethylene glycol glycidyl ether 
represented by the following formula 



35 



CHa— CH-CHi-0-(ChVChV0K- (Cj) 

\ / W 
0 



in the presence of 9.4 g of potassium hydroxide for 6 hours at 120 C with a consecut.ve-introduc.. ... 
method and the reaction was further continued at the same,temperature for 2 hours. Then the produce was 
purified to obtain 2.360 g of an organic compound having an average molecular weight of 7.870 ana a 
40 structure of the formula © in which 

Z : ChVfK 
OU-rU 



n 

50 m:1 



3.6 g of thus obtained organic compound. 0.12 g of LiCIO*. the 1.5 equivalent we.ght of MDI to -Iha 
above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of methy ethyl ketone 
and then the mixture was poured into a flat vessel and allowed to stand for 30 m nutes at 60 C under 
atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 hours at SO C w 
55 vacuum degree of below 1x10"' Torr to remove methyl ethyl ketone, resultantly an ,on-conductive 
polymer electrolyte having a thickness of 50 urn was obtained. 
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Example 5 

30 g of pentaethylenehexamine was reacted with 1,920 g of methyltriethylene glycol glycidyl ether 
represented by the following formula ; .. . "T . 

CHi— CH-CHz-0- (CHz-CHz-O) 3 -CH 3 
\ / 

:: • o y 

in the presence of 6.9 g of potassium hydroxide for 6 hours at 120*C with a consecutiv -introducing 
method and the reaction was further continued at the same temperature for 2 hours. Then the product was 
. purified to obtain 1.598 g of an organic compound having an average molecular weight of 13,660 and a 
structure of the formula ® in which 
is Z : - {I -(CH:-CH 2 - ^ 
R : -CH 3 
n : 3 
• ■ rp : 67. 

3.6 g of thus obtained organic compound, 0.12 g of LiCIO*. the 1.5 equivalent weight of tolyiene 
20 diisocyanate to the above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of 
methyl ethyl ketone and then the mixture was poured into a flat vessel and allowed to stand for 30 minutes 
at 60 *C under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 
hours at 80 * C in vacuum degree of below 1 x 10 ~ 3 Torr to remove methyl ethyl ketone, resultantly an ion- 
conductive polymer electrolyte having a thickness of 50 urn was obtained. 

25 

Example 6 

20 g of Bisphenol A was reacted with 1,140 g of methyldodecaethylene glycol glycidyl ether 
30 represented by the following formula 

CH*— CH-CHz- 0- (CH2-CH2-O) 1 *-CH 3 
\ / 



in the presence of 4.19 g of potassium hydroxide for 6 hours at 120*C with a consecutive-introducing 
method and the reaction was further continued at the same temperature for 2 hours. Then the product was 
purified to obtain 1,060 g of an organic compound having an average molecular weight of 12,710 and a 
40 structure of the formula ® in which 

R : -CH 3 
n:12 
so m:20. 

3.6 g of thus obtained organic compound. 0.12 g of UCIO*. the 0.7 equivalent weight of biuret-bonded 
HMDI to the above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of methyl 
ethyl ketone and then the mixture was poured into a flat vessel and allowed to stand for 30 minutes at 60 
* C under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 hours 
55 at 80 # C in vacuum d gree of below 1 x 10 ~ 3 Torr to remov methyl ethyl ketone, resultantly an ion* 
conductive polymer el ctrolyte having a thickness of 50 urn was obtained. 
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Example 7 

20 g of monoethanolamine was reacted with 1,630 g of phenyldiethyiene ^glycol glycidy! ether 
represented by the following formula ~ 

CH2-CH-CHz-0-(CH,-CH2-0)z- (Cj) 

\/ W 
0 



10 



in the presence of 5.8 g of potassium hydroxide for 6 hours at 120* C with a consecutive-introducing 
method and the reaction was further continued at the same temperature for 2 hours. Then the produce was 
purified to obtain 1.430 g of an organic compound having an average molecular weight of 4,830 and a 
1S structure of the formula ® in which 

Z : CH2-CH2-O- 



20 



30 




b 



25 n:2 

m ' 3.6 g of thus obtained organic compound. 0.12 g of LiCIOi. the 1.5 equivalent weight of tolylene 
diisicyanate to the above organic compound and 0.01 g of dibutyltin dilaurate were dissolved in 3 ml of 
methyl ethyl ketone and then the mixture was poured Into a flat vessel and allowed to stand for 30 minutes 
at 60* C under atmospheric pressure in a stream of nitrogen gas. Then the solution was heat-treated for 8 
hours at 80 * C in vacuum degree of below 1 x 10 " 3 Torr to remove methyl ethyl ketone, resultantly an lon- 
conductive polymer electrolyte having a thickness of 50 urn was obtained. 



35 Comparative Example 1 

An Ion-conductive polymer electrolyte was obtained in the same manner as in Example 1 except that 
3.6 g of a random polyether (ethylene oxide/propylene oxide = #2) having an average molecular weight of, 
3,000 was used instead of 3.6 g of the organic polymer used in Example 1 and 0.2 g of UCIO* was used 
40 instead of 0.12 g of UCIO*. 

[Litium-ion conductivity test] 

45 Each of the ion-conductive polymer electrolytes obtained in Examples 1 to 7 and Comparative Example 
2 was interposed between platinum electrodes and the alternating current impedance between electrodes 
was measured and the complex impedance was analyzed. The results are shown in following Table 1 . 

Further, the same results are shown in the drawing with respect to Examples 1 and 2. and Comparative 
Example 1. 

50 



55 
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Table 1 





Ionic conductivity (S/cm) _ 


20 *C 


O'.C 


-20 *C 


Example 1 


1.8 x 10- 5 


3.5x10"* 


2.6 x 10- 7 


2 


1.3 x 10" 5 


2.8x10~* 


2.0 x 10 -7 


3 


1.0 x 1(T 5 


2.2 x 10~* 


1.8 x10 -7 


4 


2.8 x 10- 5 


4.2x 10~* 


3.1 x 10- 7 


5 


2.1 x 10-5 


3^8x10-* 


2.9 x 1Q- 7 


6 


2.5 x 10~ 5 


4.0x10-* 


3.0 x 10- 7 


7 


1.8 x 10" s 


3.6x10-* 


2.6 x 10- 7 


Comparative Example 1 


3.0 x 10~* 


2.3 X10- 7 


below 1.0 x 10" 8 



From the result decribed in Table 1, the lithium-ion conductivity according to the present invention is 
superior to that in Comparative Example 1 and its superiority becomes remarkable with lowering tempera- 
ture. And it is obvious that the higher lithium-ion conductivity is shown even if the doping amount of the 
soluble salt of electrolyte such as UCICU and the like is small. The ion-conductive polymer electrolyte 
according to the present invention has high practical superiority in this respect. 



Example 8 . 

18 g of glycerol was reacted with 990 g of methyidiethylene glycol glycidyl ether represented by the 
following formula 

CH 2 — CH-CtU-0- (CHt-CHi-0) 2 -CH 3 
\ / 
0 

in the presence of a catalyst (2 g of potassium hydroxide). The product was purified with desalting to obtain 
876 g of polyether having an average molecular weight of 4,890 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weight of acrylic acid to the hydroxide number of the polyether 
were added to benzene the used amount of which is equivalent with that of the acrylic acid. Th mixture 
was reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 * C with introducing air. The 
completion of the reaction was confirmed by measuring the effluent amount of water and the acid value. 
After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 
The product was washed with a saturated aqueous sotutionof sodium sulfate and then benzene was 
removed undetr reduced pressure. Resultantly, the formation 'of a termlnal-acrylated polyether having a 
molecular weight of 5,053 and a structure of the formula ©, in which 

Z : (JHiO- 
CHO- 

<!h*o- 



Y:-CCH=:CH2 , 
II 

o 1 * 

m : 9 
n:2 
R : -CH 3 
k : 3, 

was confirmed by measuring the bromine value and the saponification value. 

3.6 g of thus obtained terminal-acrylated polyether, 0.13 g of LiSCN (0.025 moI/EO) and 1 % of a 



9 



EP 0 392 839 A2 



oolvmerization initiator (2.2^azoisobutylonitrile) were, dissolved in. 3 ml of methyj ethylkrtone and allowed 
EEEtoThour at 86 * C In a stream of nitrogen gas under atmospheric pressure. Then the so.ut.on was 
heaWnBa S for 8 hours at the same temperature in vacuum degre of below 1 x 10 -» Torr to remove 
memyl e hyl ketone, and resultantly aniortconductiye polymer el^lyte h^ng a thickness of 48 urn was 



obtained. 



Example 9 

,o 20 g of sorbitol was reacted with 1.320 g of methyltriethylene glycol glycidyl ether represented by the 
following formula 

CHz— CH-CHz-O-CCHi-CHz-Oa-CHa " 
\ / 

,s 0 . 

in the presence of a catalyst (2.7 g of potassium hydroxide). The product was purified with desalting to 
obkin SSTof a polyether having an average molecu.ar weight of 11.760 < ca,c K u '^ 

The oolvether and the 1.1 equivalent weight of methacrylic acid to the_hydrox.de number of the 
20 polymer werfaddeTto benzene the used amount of which is identical with that of the meth acryhc ; aad 
The mYxLTe was reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 C w.th 
^^J^lT«mplio of the reaction was confirmed by measuring the effluent amount of water 
^tt£3d «*» After completion of the reaction, the solution was neutralized with an aqueous solubon o 
sodi m hydroxide. The product was washed with a saturated aqueous solution of sodtum sulfate and then 
benzene waL removed under reduced pressure. Resultantly. the formation of a termm^crylated polyether 
having an average molecular weight of 12.173 and a structure of the formula ©. in wh.ch 



35 



30 pH2-$H-CH-$H-$H-(jH2 



.8 

9 9 9 9 



M Y:-CC(CH 3 )=CH 2 
O 

m : 9 
n:3 
R : -CHj 
k :*6. 



40 



45 



was confirmed by measuring the bromine value and the saponification value. 

3 6 gS Sus obtained ferminal-methacrylated polyether.. 0.1 2 g of LiCIO* (0.01 moVEO) : and 1 % of a 
polyme^lorinmator (2^azoisobuty.onitri.e) were dissolved in 3 ml of methyl ethyl ketone an MJ owe 
to stand for 1 hour at 80* C in a stream of nitrogen gas under atmospheric : pressure. ^^^J 
heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 Torr to r muve 
^ultantly an Ion-conductive polymer electrolyte having a thickness of 48 urn was 



obtained. 



Example 10 

15 g ol glycerol was reacted with 2.650 g of methylhexaethylene glycol glycidyl ether represented by 
the following formula 

CHz— CH-CH,-0-(CH 2 -CH2-0)*-CH 3 

\ / 
0 
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in the presence of a catalyst (5 g of potassium hydroxide). Th product was purified with desalting to obtain 

2,160 g of a polyether having an average molecular weight of 15,260 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weight of acrylic acid to th hydroxide number of the polyether 

wer added to benzene the used amount of which is identical with that the acrylic-acid. The mixture was 
s reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 * C with introducing air. The 

•completion of the reaction was confirmed by measuing the effluent amount of water and the acid value. 

After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 

The product was washed with a saturated aqueous solution of sodium sulfate and then benzene was 

removed under reduced pressure. Resultantly, the formation of a terminal-acrylated polyether having a 
to molecular weight of 1 5,422 and a structure of the formula 0, in which 



Z : QH2O- 
CH0- 

* CH 2 0- 



Y:-CCH = CH 2 
. . II. 

" 0 
20 mi 14 

n : 6 

R:-CH 3 

k:3. 

was confirmed by measuring the bromine value and the saponification value. 3.6 g of the terminal acrylate 
25 polyether obtained above, 0.14 g of LiCIO* (0.022 moI/EO) and 1 % of polymerization initiator (2,2'- 
azoisobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and allowed to stand for one hour at 80* C 
in a stream of nitrogen gas under atmospheric pressure. Then the solution was heat-treated for 8 hours at 
the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to remove methyl ethyl ketone, resultantly 
an ion-conductive polymer electlyte having a thickness of 45 urn was obtained. 

30 

Example 11 

20 g of monoethanolamine was reacted with 1,630 g of phenyldiethylene glycol glycidyl ether 
35 * represented by the fQllowing formula 

CHt— CH-CHz-0- (CHi-OU-O) »- 
\ / 

40 " 0 

. in the presence of a catalyst (5.8 g of potassium hydroxide). Then the product was purified with desalting to 
obtain 1,430 g of a polyether having an average molecular weight of 4,830 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weight of acrylic acid to the hydroxide number of the polyether 
were added to benzene the used amount of which is identical with that of the acrylic acid. The mixture was 
reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 * C with introducing air. The 
completion of the reaction was confirmed by measuring the effluent amount of water and the acid value. 
After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 
5o The product was washed with a saturated aqueous solution of sodium sulfate, and then benzene was 
removed under reduced pressure. Resultantly, the formation of a terminal-acrylated polyether having an 
average molecular weight of 4,990 and a structure of the formula ©, in which 
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Z : 

Y : ^CH=CHz ; 

m : 7 
n : 2 

k : 3 , 



was confirmed by measuring the bromine value and the saponification value. 

•3.6 g of thus obtained # terminal-acrylated polyether, 0.11 g of NaCIO* (0.015 mol/EO) and 1 % of a 
polymerization initiator (2.2 # -azo1sobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and ailowec; 
20 to stand for one hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the solution 
was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to remove 
methyl ethyl ketone and resultantly an ion-conductive polymer electrolyte having a thickness of 45um was 
obtained. 



Example 12 

20 g of Bisphenol A was reacted with 1,140 g of methyidodecaethyiene glycol glycidyl ether 
represented by the following formula 

CHi— CH-CHi-O- (CH2-CH2-O) i 2-CH3 

\ / 
0 



in the presence of a catalyst (42 g of potassium hydroxide) and the product was purified with desalting to 
obtain 1 ,060 g of a polyether having a molecular weight of 12,710 (calculated by hydroxide value). . 

The polyether and the 1.1 equivalent weight of p-vinylbenzoic acid to the hydroxide number of tht 
polyether were added to benzene the used amount of which is Identical with that the p-vinylbenzoic acid. 

40 The mixture was reacted by adding 0.01 % of sulfuric acid at a temperature of 80 to 90 " C with introducing 
air. The completion of the reaction was confirmed by measuring the effluent .amount of water and the acid 
value. After completion of the reaction, the solution was neutralized with an aqueous solution of sodium 
hydroxide. The product was washed with a saturated aqueous solution of sodium sulfate and then benzene 
was removed under reduced pressure. Resultantly. the formation of a polyether having p-vinylbenzoate 

45 bond at terminal and having a molecular weight of 12.970 and a structure of the formula®, in which 



50 
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m : 10 
n : 12 
R : -CH3 
k : 2. 
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was confirmed by measuring the bromine valu and the saponification value. 

3.6 g of thus obtained poly ether having p-vinylbenzoate bond. 0.10 g of NaSCN (0.015 mol/EO) and 1 
% of a polymerization initiator (2.2-azoisobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and 
allowed to stand for one hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the 
5 solution was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 " 3 Torr to 
remove methyl ethyl ketone and resultantly an ion-conductive polymer electrolyte having a thickness of 
42um was obtained. 



io Example 13 . 

• 20 g ot ethylenediamine Was reacted with 2.650 g of phenylhexaethylene glycol glycidyl ether 
* represented by the following formula 



75 



35 




CH*— CH-CHz-O-XCHi-CHt-O) 

\ / 

. 0 

20* 

in the presence of a catalyst (9.4 g of potassium hydroxide). The product was purified with desalting to 

obtain 2 360 g of a polyether having a molecular weight of 7,870 (calculated by hydroxide value). 

The polyether and the 1.1 equivalent weith of acrylic acid to the hydroxide number of the polyether 

were added to benzene the used amount of which is identical with that of the acrylic acid. The mixture was 
ss reacted by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 C with introducing air. The 

completion of the reaction was confirmed by measuring the effluent amount of water and the acid value. 

After completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. 

The product was washed .with a saturated aqueous solution of sodium sulfate and then benzene was 

removed under reduced pressure. Aesultantly. the formation of the terminal-acrylated polyether having a 
30 molecular weight of 8,084 and a structure of the formula ©, in which 

Z : CHz-NC 



CHi-NC 
gCH=CH x 



40 



45 



50 



m : 5 
n : 6 



R 

k : 4, 
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was confirmed by measuring the bromine value and the saponification value. 

3.6 g of thus obtained terminal acrylate polyether. 0.09 g of USCN (0.020 rnol/EO) and 1 % of a 
polymerization initiator (2.2'iazoisobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and allowed 
to stand for one hour at 80* C In a stream of nitrogen gas under atmospheric pressure. Then the solution 
was heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ J Torr to remove 
methyl ethyl ketone, and resultantly an ion-conductive polymer electrolyte having a thickness of 41 um was 
obtained. 



Exampl 14 
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• . 30 g of ethylene glycol was reacted with 2.650 g of n-butyl triethylene glycol glycidyl ether represented 
by the following formula " " •....* ':■ 

0 

in the oresence of a catalyst (6.8 g of potassium hydroxide). The product was purified with desalting to 
obtrin 2 P " 9 4 g of a ^lyethe" havings aLage mo.ecu.ar weight of 3.950 «=^ rf ^.^^ 
The polyether and the 1.1 equivalent weight of p-vinylbenzoic acid to the hydrox.de number of the 
po.yemer 2e added to benzene the used amount of which is identical with that of the P-™*£»e acid 
S te mile was reacted by adding 0.01 mo. % of sulfuric acid at a of wtf r 

introducing air. The completion of the reaction was confirmed by measuring ^ .J"^^ 
and the acid value. After completion of the reaction, the solution was neutralized with an -V^**"* 
sodium hydroxide. The product was washed with a saturated aqueous solution of sod.um sulfate and then 
benzene las removed under reduced pressure. Resuttantly the formation of a po. J^^J£ 
vinylbenzoate bond at terminal and having an average molecular weight of 4.213 and a structure of to 
formula ©, In which .... 
Z : -O-CH2-CH2-O- 



CH=CH a 



25 



m :7 
n:3 

R : -CH 2 -CH 2 -CH 2 -CH3 
k:2. 



30 was confirmed by measuring the bromine value and the saponification value. 

36 g of thus obtained polyether having p-vinylbenzoate bond at term.nal. 0.10 g of LiCIO* (0j>15 
mol/EO) and V % of a polymerization initiator ( 2 /azoisobutyIonitrile) were dissolved in 3 
eth f ketone and allowed to stand for one hour at 80 in a stream of nitrogen gas under atmosphenc 
Sliir^te solution was heat-treated for 8 hours at the same temperature in vacuum degree of 
« E^x^Yc^to remove methyl ethyl ketone, and resultantly an ion-conductive polymer electrolyte 
having a thickness of 50 um was obtained. 
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Example 15 

30 g of pentaethylenehexamine was reacted with 1.920 g of methyltriethylene glycol glycidyl ether 
represented by the following formula 

CHt— CH-CHz-O-.(ChVCHVO) ,-CHs 

\ / 
0 

in the oresence of a catalyst (6.9 g of potassium hydroxide). The product was purified with desalting to 
S S o^lS 1"0 « average molecular weight of ^J^iSS^S ° * * 
The Dolyether and the 1.1 equivalent weight of methacrylic acid to she hydroxide number otine 
po^K^dE to benzene th used amount of which is identical with.^at the p . ny benzo, ac * 
The mixture was reacted by adding 0.01 mol % of sulfuric acid at a temperatu^ of 80 10 ^ h 
introducing air. The completion ol the reaction was confirmed by measuring the effluent amount of water 

^irtoSon of the reaction, the soiution was neutralized with an = ^c.^n 
hydroxide. The product was washed with a saturated aqueous solution of sod.um sulfat and hen benzene 
Ts removed under reduced pressure. Resultantly. the formation of the terminal-methacr y .ated polyether 
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having an average molecular weight of 14,200 and a structure of the formula 0. in which 
Z : - N -(CH2-CH2- ^ )-*- 
Y:-C C(CH 3 ) = CH 2 

II _ 

5 m: 8 

n : 3 ' ' : ' ' 

J R:-CH 3 
! k:8. 

( was confirmed by measuring the bromine value and the saponification value. 

i 10 ' 3.6 g of thus obtained terminal-methacrylated. polyether, 0.23 g of UCIO4 (0.025 mol/EO) and 1 % of a 

polymerization initiator (2 f 2 # -azoisobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and allowed 
to stand for 1 hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the solution was 
heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to remove 
methyl ethyl ketone, and resultantly an ion-conductive polymer electrolyte having a thickness of 45 urn was 
15 obtained. 



^ .Example 16 



20 20 g of ethylene glycol was reacted with 6,250 g of methyl glycidyl ether represented by the following 
formula 

CHz— CH-CH2-O-CH3 
\ / 

25 0 

in the presence of a catalyst (10 g of potassium hydroxide). The .product was purified with desalting to 
obtain 5,970 g of a polyether having an average molecular weight of 19.020 (calculated by hydroxide value). 

30 The polyether and the 1.1 equivalent weight of acrylic acid to the hydroxide number of the polyether 
were added to benzene the used amount of which is identical with the acrylic acid. The mixture was reacted 
by adding 0.01 mol % of sulfuric acid at a temperature of 80 to 90 " C with introducing air. The completion 
of the reaction was confirmed by measuring the effluent amount of water and the acid valu . After 
' completion of the reaction, the solution was neutralized with an aqueous solution of sodium hydroxide. The 

35 " product was washed with a saturated aqueous solution of sodium sulfate and then benzfene was removed 
under reduced pressure. Resultantly, the formation of a terminal-acrylated polyether having an averag 
molecular weight of 19, 160 and a structure of the formula ©, in which 2 : -O-CH2-CH2-O- 
Y:-C-CH = CH 2 

. 0 
40 m: 108 

n:0 

R:-CH 3 

k:2, - • 

was confirmed by measuring the bromine value and the saponification value.. 

45 3.6 g of thus obtained terminal-acrylated polyether, 0.13 g of UCIO4 (0.015 mol/EO) and 1 % of a 
polymerization initiator (2.2'-azoisobutylonitrile) were dissolved in 3 ml of methyl ethyl ketone and allowed 
to stand for 1 hour at 80* C in a stream of nitrogen gas under atmospheric pressure. Then the solution was 
heat-treated for 8 hours at the same temperature in vacuum degree of below 1 x 10 ~ 3 Torr to remov 
methyl ethyl ketone, and resultantly an ion-conductive polymer electrolyte having a thickness of 42 um was 

50 obtained. 



Comparative Example 2 

An ion-c n'ductiv polymer electrolyte was obtained in the same manner as in Example 1 except that a. 
random ether (ethylene oxide/propylene oxide = 8/2) having an average molecular weight of 3,000 was 
used instead of the polyether having an average molecular weight of 4,890 to produce the terminal- 
acrylated polyether. and 0.20 g of LiCIO* was used inst ad of 0.13 g of LiSCN. 

15 
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[Litium-ion conductivity test] 

Each of the ion-conductive polymer e! ctrolytes obtained in Exampl 8 to 16 and Comparative Example 
2 was interposed between platinum electrodes and the alternating current impedance -between ^electrodes 
5 was measured and the complex impedance was analyzed. The results are shown in following Table 2. 

Table 2 



TO 



75 



20 





Ionic conductivity (S/cm) , 




20 '*C 


o'c 


-20 # C 


Example 8 
Example 9 
Example 10 
Example 11 
Example 12 
Example 13 
Example 14 
Example 15 * 
Example 16 

Comparative Example 2 


1.1 x 10" 5 
2.5 x 10" 5 

2.1 X10~ 5 

2.2 xlO" 5 

2.1 x 10~ 5 
1.8x10~ s 

1.2 x10~ 5 
2.1 x10" 5 
1.0x10- 5 
2.5 x 10"* 


2.0 x 10"* 
2.8 x 10"* 
2.5 x 10~* 
3.8x10"* 
3.7x10-* 
3.0x10- 6 
2.3x10-* 
3.7x10"* 
2.3x10-* 

2.1 x 10" 7 


2.1 X10- 7 
3.0 x 10" 7 

2.8 x10- 7 

2.7 xlO- 7 
, 2.4x10-7 

1.9 x10" 7 

1.8 x10- 7 
3.0 x10" 7 
1.6 x10" 7 

below 1.0 xlO -8 
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From the result decribed in Table 2. it is found that the ionic conduc*v.ty of the 
electrolyte according to the present invention is very excellent and its supenority becomes remarkabl wjth 
fowe^ and higher lithium-ion conductivity can be obtained by use of small doping amounts 

of the soluble salt of electrolyte having such as LiClO* and the like. 
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[Effects of the Invention] 

• The ion-conductive poiymer electrolyte according to the present invention '^J^^TS^Z 
stablv And It can be taken in various forms since it can be made amorphous, therefore, it has very 
exc the ion-conductive polymer electrolyte according to 

is superior in safetyness and can be available with good operation since it can be crosshnked wrthout us,ng 
a crosslinking agent. 
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Claims 

1. An ion-conductive polymer electrolyte comprising an organic polymer and a soluble electfolyt ^ salt 
charactered in that said organic polymer is obtained by crossing a compound havng an average 
molecular weight of 1 .000 to 20.000 and having a structure of the followmg formula©; 



55 



:-JjCH, 



■CH -0 

ChVO-CCH: 



■CnY-OhrR 



in which Z is a residue of a compound having at least one active hydrogen. Y ,s a hyd ogen atom or 
polymerization-reactive functional group, m is an integer of 1 to 250. n .s 0 or an mteger of 1 to 25. k .s 
integer of 1 to 12. R is an alkyl. alkenyl. aryl or alkylaryl group having 1 to 20 carbon ' atoms 

2. An ion-conductive polymer electrolyte as defined in Claim . wherem sa.d gan * 
obtained by crosslinking with a crosslinking agent said compound having a structure of sa.d formula © 

WhiC 3 h An iSSS!T^ e.ec,ro.yte as defined in Cairn 2. wherein said crossing agent is an 
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JO 



isocyanate compound. - . 

4, An ion-conductive polymer electrolyte as defined in Claim 1. wherein. Y in said formula © Is a 
polymerizable functional group having an unsaturated bond. 

5 An ion-conductiv polymer electrolyte as defined in anyone of Claims 1 to 4, wherein said soluble 
electrolyte salt is at least one selected from the group consisting of inorganic-ion salts containing at least 
one metal element selected from the group consisting of Li. Na. K, Cs. Ag. Cu and Mg. such as Lil, UCI. 
UCIO* LiSCN. LiBFi, UAsF*. UCF 3 SO,. UC*F, 3 SO,. UCF3CO2. LiHgli. Nal. NaSCN. NaBr Kl. CsSCN, 
AoNoJ CuCi2Mg(CIOih ; and organic-ion salts such as lithium stearylsulfate, sodium octylsulfate. lithium 
dodecylbenzenesulfate. sodium naphthalenesulfate. lithium dibutylnaphthaienesulfate. potassium ctylnaph- 
thalenesulfate. potassium dodecylnaphthalenesulfate and the like. 

6 An ion-conductive polymer electrolyte as defined in anyone of Claims 1 to 5. wherein the added 
amount of said soluble electrolyte salt to an oxyethylene unit in said organic polymer is 0.0001 - 5.0 
(mole/EO). 



75 



20 



25 



30 



35 



40 



45 



50 



55 



17 



EP 0 392 839 A2 




Ion Conductivity (*/«> 



